DESCRIPTION 
POLYPEPTIDE H&VTNG COLL AGEM -LI KE 



Technical Field 
I 0001 J 

T&e present invention relates to a polypeptide having: 
a. oo 1 lag an -like triple ha 11k structure, and a pep tide t rimer 
for producing such a polypeptide, as well as methods of 
producing such a polypeptide and a peptide trimer* 

Sackg round Art 
[0002! 

Collagen is widely used as a base material for a 
pharmaceutical product or a cosmetic product y as a 
biocompatible material for reganeratiYa medicine, or drug 
delivery system, and as a support for tissue culture and the 
Ilka. Currently available collagen is mainly those obtained 
fey purifying collagen from animals such as pigs ana cattle. 
However, In the case where collagen derived from livestock Is 
applied to hisa&ns f a rials of prion infection which may cause 
BSE has become a problem. Alternatively > collagen derived 
from plants or fish skin has started to be used* however. It 
involves a risk of gelatin allergy caused by intake of 
heterologous collagen. Accordingly, supply of a safe 
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substitute far collagen has bean demanded, Eecesstly* 
construction of gaiieticalXy engineered human 
collag6n-prod.acing system using various host organisms has 
bean attempted , f -&£tli&uglx It has not come into practical use 
yet v 
[0003] 

Collagen lias a structors in which tteee polypeptide 
chains form a long triple helix. It is wall teown that tbras 
e&e&icalij synthesized peptides having a collagen- like 
sequence are self -assembling to form the same triple hellK 
structure as oollagen, arid &uch- structures are use* in atimies 
of the structure of natural collagen.. Collages- like 
polypeptide known in the art include,, for example # a 
polypeptide oompo.sad of a repeating unit comprising a peptide 
units [ ~ ( pro GXy ) 1* (wherein Y represents Pro or Hyp and 
n represents an Integer of 1 to 20 } and a peptide unit * I - ( Z|r-.K 
(yherein E represents a peptide chain composed of 1 to 10 amino 
acid residues and r represents an integer of 1 to 
2S) ( JP-A-'-2"OQ3-3 : 21-5O0l" . Known supramoiecules composed of a 
collagen -like peptide sequence include, for example, a 
collagen triblock peptide of Martin et al > % 
CGluJsieiY-X-Hyp-Gly- Fro-Hyp) $ |01u} 5 CMartin, E * at ai. , 
Biopolymers 70, 435-444, 2003} and a "peptide-amphlpbiie^ of 
Fields (Fields, GB, Bioorg. Med, Cham. 7, 75-81, .19 9$ K 
[0004] 
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However * there has bean no report or a sBpr«olecule 
wliicli is formed through the intermolee^lar formatiDn of 
complementary triple &eii& extending the molecule In the 
direction of tx±,pl& halite a>:is 
100051 

to ofejeot of the present invention, is to provide a 
polypeptide having a collagen- Ilka triple heliK: structure and 
a peptide unit for producing such a polypeptide , 

Disclosure of the invention 
[0OOSJ 

The present invention provides* a peptide trlmex in which 
three peptides of the same chain length having as a f tmdaaental 
structure a repeating unit represented by tlte .£.pr^X<a■^ 
KH^&y-&■-¥>- j - 

wherein X and Y each represent any amino acid residue, 
axe tethered to one another such that thef are shif ted relative 
to one another in the backbone direction. Preferably, the 
three peptides are tethered to one another via a disulf ide bond* 
[0007] 

In another embodiment r the present invention provides 
a method of producing the peptide t rimer of the present 
invention comprising the steps of t 

preparing a first peptide having one Cys residue* a 
second peptide having two Cys residues., one of which has a 
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protected SH group and a third peptide having one Cys residue t 
forming a peptide filmer fey linking the f irst peptide to 

tha saoond peptide via a disulfide bond? 

activating the protected SH of the second peptide by 

comparting the protecting group? and 

linking the peptide dtmer and the thir& peptide via a 

disulfide bond. 

[00081 

In st 111 another embodiment, the present invention 
provides a molecular aggregate having a triple helix structure 
comprised of the peptide t rimer of the present Invention, Tfee 
present indention further provides a method of producing the 
molecular aggregate of t&e present Invent ±00 comprising the 
step of holding a solution of the peptide trimer at a 
temperature between 0 and 40*€ for 1 hour or longer. 

Brief Description of the Drawings 
1 00091 

[Fig* lj Fig. 1 is a schematic aiagram shewing a pegtida 
trimar of the present invention and a molecular aggregate 
having a collagen- like triple helix comprised of the peptide 
trimer > 

[Fig. 3] Fig. 2 shows various structures of the peptide 
trimer of tue present invention. 

[Fig. 3 | Fig> 3 shows an example o:f amino acia: sapences 
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of a peptide trimer of the present indention and a molecular 
aggregate comprised of the peptide trimer, 

[Fig, 4] Fig. 4 shots the circular dlchrolsm spectra of 
a molecular aggregate prepared according to the present 
invent Ion , 

[Fig. 5} Fig* 5 shows the ^itraflltratioE meaibrane 
psrmsahilit y of a molecular aggregate prepared according to 
the present invention > 

[Fig. 61 Fig* 6 shows another embodiment of a peptide 
trimer of the present invention w 

| Fig* 71 Fig, 7 shows a particle sl&e distribution of 
a molecular aggregate prepared according to the present 
invention . 

Preferred Embodiments of the Invention 
I 00 ID 3 

fhe present Invention provides a peptide trimer unit 
formeS bjf trimerl&atlon of synthetic peptides having a, 
collagen -lllce sequence hf regioselectlve crosslink formation. 
The present invention, also provides a method of preparing a 
supramolacnls having a triple hell^ structure comprising the 
peptide trimer unit as a ooBStittient unit. The present 
Invention is illustrated in Figi 1* 
100111 

Structure of pepti de t rimer onlt 
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The peptide hrimer unit of the present invention has a 
repeating unit represented by the formula t 
■■ { - Gly - X -if - ) - 

wherein X and Y each represent any amino &cjL& residue, 
as a f imdamenial structure- A polypeptide chain constituting 
natural collagen has a repeating unit of -{-Gly-Pro^Pxo-}-- or 
- { -Gly-Fro-Hyp- ) - as its fundamental structure and forms a long 
left -handed helix. Three polypeptide chains era coiled 
together and can f orm an elongated right - han&ea hallsc structure 
with hydrogen bonds between the chains < It is also known that 
when a solution of peptides with a chain length of about IS 
to 30 amino acids having a repeating unit of - { ~GXy~Fro~Pro- J - 
or ~ C -Gly-Px^o-Hyp* } - is lef t stand, they will f orm a s table 
triple helix structure similar to that of natural collagen. 
Such a triple helix structure is referred to as a "collagen -like 
structure" herein. 
[00121 

The peptide t rimer unit of the present invention is 
composed of three peptides , each having a fundamental structure 
composed of a repeating unit of -•■{ - Qly-JC- Y~ ) - ■« wherein X and 
Y each represent any amino acid residue * In., this formula, X 
and Y may be a natural amino acid resiaue or a mo&ifxed amino 
aci4 residue well known in the art x and may he in the L-f orm 
or D-fom. Praferahly the peptide trimex of the present 
Indention Is rich in a repeating unit of - C ~Giy~Pro~Pro~ } ~ or 



6 



~< .-Gl-y^Pr.o^Hyp- } - ■« which is found In natural collagen v For 
example ,, in the whole molecule of the peptide tricar, 30% or 
more of X is preferably Fro and 30% or more of ¥ is preferably 
Fro or Hyp* However , it is known tliat (GXy~GJu~&rg|n (Mechlin^, 
DE , at al y J * Biol * Cliem * 2 7 5 , 143 52 - 14356, 2000 | ? 
(Oly-Fro^Mleu)n {HXeu ~ isobutylglyclne ? Goo&an, et al. f 
J. Assw Cham. Soe. TIB* 10928-10929, 1996} or the like also forms 
a stable triple helix structure, and the peptide trimar of the 
present invention may have sticfe a repeating unit < By the 
expression that a peptide *has a fundamental structure composed 
of a : repeating unit of * ( -Gly-X-'Yr.) - w * It is not necessary that 
all the amino acid sequences of the peptides lia^e the repeating; 
unit of -Gly-X*Y-)- (i.e. > haviag Giy every three residues } 
and one or more portions which do not have such a repeating 
unit may be contained in the peptide sequence * Ho«ver , 1b 
order to form a stable triple -helix structure « It ia necessary 
that 80% or more, preferably §0% or more of the amino acid 
sequences in the peptide t rimer molecale has the repeating unit 

of ~ !>Givr~x~y~ } - « 

[0013] 

The peptide trimer unit of the present invention has a 
structure in which three peptides of the same 'chain length are 
shifted relative to one another in the backbone (main chain ) 
direction and «1bo acid side chains are tethered to one another v 
As used herein, the term * being shifted relative to one another 
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In. the backbone direction* means 'that three peptides are 
tethered such that all three peptMaa do not completely overlap 
with one another . Example of various structures of the trimers 
are shown 1b Fig, 2, By tethering three peptides snob that 
they are shifted relative to one another in the backbone 
direction, three peptides will be prevented from forming- a 
short stable triple helix structure, facilitating the 
formation of a long triple helix structure containing the 
peptide t rimer as a. structural unit > In this structure, a 
& Ingle ~ s t ran&ad region or a double- stranded region In the 
peptide trix&er plays, a role as an adhesive f or stably holding 
a plurality of peptide trimers by hydrogen bonds > Therefore 
a mors pref erred structure of the peptide trlmer of the present 
invention, among the structures shown in Fig . 2 , Is a structure 
in which a single- stranded region or a double- stranded region 
la relatively long and a triple -stranded region is relatively 
short , 
[0014 ] 

Each peptide constituting the peptide t rimer unit of the 
present invention has the same chain length, This enables the 
peptide t rimer to have a s- table structure without a gap when 
they assemble to form a triple helix structure. Each peptide 
can be synthesized by a known peptide syn thesis method > such 
as a liquid- phase method, or a solid- phase method. The chain 
length Is between .10 and 60 amino acid residues, preferably 
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between 15 and 40 residues * more preferably between 2D ana 30 
resiines , Mien, the chain length Is sMrtar, the stability of 
the formed triple helix structure becomes low, and when the 
chain length Is longer* the cost for peptide synthesis becomes 
high* 

la the peptide t rimer unit of the present Invention, 
preferably the amino acid side chains of the three peptides 
are linked to one another. Preferably, the three peptides have 
€ys residueCa) at an appropriate position, so that the three 
peptides ssay he linked to one another via a disulfide bond, 
.alternatively,: the amino acid aide chains may he linked via 
a eovalent bond such, as an amide bond, a sulfide hand or a 
Schiff ? s base bond, 
[0016 j 

The peptide trimer unit of the present Invention can be 
prepared by forming an interchain disulfide bond according to 
the site directed disulfide bond formation method <Ott-l,= J.. 
at al. , FSB.S Lett, , 398, 31-36 > 1996- Ottl, J., and Moroder , 

J> Am. Cham, Sop, 121, £53-651, 1999; Kolde, et ai^ Bloorg. 
Med. Cham. Lett. 14, 125-128, 2004), Briefly, three peptide 
chains constituting the peptide t rimer are designed such tfeat 
two peptide chains have one Cys residue and one peptide chain 
has two cys residues, and tlie Cys side chain Is linked to the 
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Cys residue of another peptide chain via a disulfide bona. 
[00171 

In the first step of tills method, a first peptide having 
one- Cys. residue* a second peptide having two Cys residues \ one 
of which has a protected SB groups and a third, peptide having 
one Cys: resiSue are synthesi&ecU Any protecting gronps kno^n 
in the art of peptide synthesis snoU as ace toamidomethyl , may 
be used as. the protecting group for the SH group, Then, the 
f irst peptide and the second peptide are linked via a disulfide 
bond to fort a peptide dlm&r •* A method of linking SH gronps 
of Cys residues via a disulfide bond is generally known in the 
art , For example , the SH group on one of the peptide chains 
is converted to pyrldinesulf enyl or nitropyrldinesulf enyl 
moiety and then both peptides are reacted to each other , whereby 
the Cys residues are linked through a disnlf ide bond to each 
other to form a peptide dimer « Then, the protected SH of the 
second peptide of the peptide dlmer is activated by converting 
the protecting group, and the peptide dimer and the third 
peptide are linked via a disulf ide bond in the same manner as 
above to obtain the peptide trlmer of the present invention ♦ 
The peptide trimer of the present invention can be purified 
by column chromatography, HPLG or the like as needed* 
f 001*1 

Structure and p reparation of collage- like mol ecnla r aggregate 
The collage -like moleenlar aggregate { snpramoleoule) of 
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tile preseBt invention has t&e peptide trimer unit of the present 
indention as a constituent unit and has a fibrous structure 
having a triple helix structure similar to that of collagen 
(Figs . 1 and B } , Whan a solution oi the peptide t rimer unit 
of the present in^eBtian is lef t stand at a lower temperature, 
complementary self ^assest&ly oco^rs driven by the f ormation of 
a triple helix. For example, the molecoiar aggregate of the 
present invention can be formed by holding a solution 
containing the peptide trimer unit ot the present invention 
at 0 to 40*C C preferably 0 to for 1 hour or longer > 

preferably 12 hours or longer f more preferably 4 8 hours or 
longer, An aqueous solution is preferred but an organic 
solvent can also be used , because the collagen triple helix 
structure does not contain a hydrophobic core generally f ound 
in other proteins. 
[00191 

To determine whether a molecular aggregate having a 
collagen-like triple helix structure is f ormed >: the structure 
of the product can he analysed by measurement of circular 
aichro.i.sm sgectrum, measurement of molecular weight, direct 
observation with an electron microscope, or the like, 
I Q020J 

The collage -like molecular aggregate of the present 
indention may be used in any applications where natural 
collagen is currently employed, For example, it may he used 
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as a base -material f or cell culture y ±n a drug delivery system f 
and as other biocompatible materials. The collage- like 
molaoular aggravate of the pre seat invention is advantageous 
In that it may not lead to risk of prion infection causing BSE 
or gelatin allergy.,, both of w&ieh are associated with the use 
of natural collagen » 
100213- 

Furthermore, a specific functional sequence present In 
natural collagen can be easily Incorporated into the 
collage- like molecular aggregate of the present Invention by 
appropriately designing the peptide trimex according to the 
present Invention. Such a collage- like molecular aggregate 
of the present invention will be useful for analysing the 
function of natural collagen or developing a functional 
artificial collagen, it is also possible to prepare a 
collagen - like supramolecale having a specific function (e< g> ? 
a binding ability to a specific protein) for example, a 
collagen-like supramoiecnle having a pigment 
epitlielium-aerivea. factor (PEDF) binding sequence Identified 
by the CQX.pE method. f Ya&ul* H * and KoMe y T , f J . Chem, Soc < 
125, I 5 728 -15729, 2003} * 
[0022] 

The present indent ion will be Sescribed in mora detail 
with reference to Examples below, however, the present 
invention is not limited to these Examples. 
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tO 02 3] 

In the following Examples , all amino acids usecl were in 
t&e L~fors$u Final products and synthetic intermediates were 
purif ied with feigb performance liquid ohromat ogr aplsy * Tile 
conditions are as follows* 
Column t Cosmosll SCIS-AR 

Solvent s At 0*05% trif luaroaeatic acid In water 

Bx 0.0 trif luoroapetic acid in acetonltrlle 
Temperature s 42°€ 

Slut ion was carried oat by a linear gradient from & to B, The 
final product ana synthetic intermediate were identified fey 
MALD1 - TOP MS. 

Example 1 
10024] 

Synthesis of a peptide u&tt paving gxo^Hjgp-Gly. repeat s as- a 

:£gndamental sequence (F^S * 3' ) 

1 } Construction of peptide chains 

M~ pep tide C SH ) ? 

H~GXy ~ Pro- Hyp - Gly -Fro -Hyp-Sly-Pro - Hyp -Gly ~ Fro -Hyp- Gly- Pro ~ 
Hyp - Gly - Fro - Hyp - Gly - Fro - Hyp -Sly - Fro - Cys ( SB ) - OH ( SBQ X 0 HO t 
1) 

M~pept!da (Acm, SH) ? 

H ~Byp - G ly - Fr o - Hyp - Gly- Pro - Hyp - G ly - P r o - Hyp ~ Gly ~ €y s ( Acsm | * Cy s 
( SB ) - Sly - Pro - Hyp ~ Gly - Fro - Hyp -Sly -Pro- Hyp - G ly ~ Fro - OH C SKQ- ID 



13 



MO: 2} 

€ -peptide ( SB } ; 

H - Cys ( SH) - Hyp - G ly - Pro -Hyp - .Sly ~ Fro - Hyp - Gly ~ Fro - Hyp ~ Gly - Pro - 
Hyp - Gly ^P^^^^^ (SEQ ID NCte 

3) 

[ooasj 

The above three peptide chains were constructed toy a 
standard Fmoc &olid~ phase synthesis method on a Trt A -PEG resin 
(Watanabe Chemical Industries » Ltd, } - &s anti-no acids with 
proteeton of the side chain functional group > Fmoe~3iVp{ tBu) ~QH ', 
Fmoc-CysCAcm) -OH and Fmoc.-CysCTrt) -OH ware : u»ed 
(abbreviations: Hyp or Ot 4-hydro5£yprolliie; Acm? 
acetoamlddns^tto^l ? Trt ? trityX } * 
10026! 

2) Cleavage of peptides from resin and ^protection 

Each peptide -resin (about 0*1 mol) was mi>sed with 0*25 
ml of water, 0/25 ml of m-oresol, 0 .25 ml of thioanlsoXe, 0*125 
ml of 1 , 2-etiiandithiol and 4 < 125 ml of trif luorqaoetic acid 
with cooling in ice, and the mixture was stirred at roois 
temperature for 1 hour. Cleaved peptides ware precipitated 
with about a 5- fold volume of ether v The peptides were 
lyoghiilssed and dissolved In 0*05% trlf inaroacetlo acid in 
water. Then, the peptides were purified fey ivig& performance 
liquid chromatography (HFLC) and lyophliised* 
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Example 2 
10027 j 

Synthesis of pe ptide t rimer unit by s elect lye &1 g ulf xge ^ 

1} Pyridlnesulf enylation o£ M*peptldes Synthesis of M-peptide 
(&cm, SPy) 

2-5 mg (11,2 |imo1) of H~ peptide (Acm, SH) was dissolved 
in 50 MS sodium acetate (pH 5.4) containing 2 mM SSfl [Buffer 
All and the solution was mixed with 2 t 2 ■ -dlpyrldyldisnlf ide 
(49, 5 mg ; 223 psol) dissolved 1b 2- propanol at room, temperature 
under a nitrogen atmosphere to allow the reaction to proceed, 
for 1 :hour * The desired product was purified by HFLC and 
lyeptilli^Bd. 
[00281 

2 1 Synthesis of M-C diier (Aca ( SS) by heterodimerization of 
K-papti&e (Acas,. SPy) and peptide (SH) 

1.3x2 mg {S . 6§ jjbioI} of M~pept Ida (Acm, SPy) was dissolved 
in 0.66 ml of Buffer A c and the solution was added dropwtse 
to 0.735 ml of Buffer A containing 14*7 mg (6179 fimol} of : 
C-pepti.de (SH.) at room temperature under a nit rogeB atmosphere « 
The react ion solution was shaded from the sun and stirred for 
SO minutes. The desired product was purified by HFLC and 
Xyophil 1 z ad * 
[00291 

3) Selective S-nitropyridlnesulf enylation of M-G d.lmer (Adm* 
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SS} s synthesis of M~€ dimes? (Hoys, SS} 

10.3 mg (2.35 |AppI} of M-C Simer (Aem, SS) was dissolved 
In 0 .412 ml. of trifluorDaoetio aciScacetic acid (ls'2, v/v'J„ 
3 -Nitro - 2 ^pyridine sul^eiiyl chloride (1,1 mg, 5,87 pol) was 
dissolved In 0*6 ml of trif luoroacat i€ acid j acetic acid (I ;2, 
v/v) In th.e same manner, and the solution was added dropwise 
to the peptide solution at room temperature uMar a nitrogen 
atmosphere* The reaction solution was shaded from tlie sun and 
stirred for 45 minutes. The desired prodtict was purified fay 
HPLC a.0 d ipsphiiirad* 
[0030] 

4 ) Synthesis of peptide trimer unit by selective, disulfide 
crossllnking formation between M~C diaer (Hpys SS) and 
peptide C SH) 

19 if |X, Si |imoI} of H-peptide (SH) was dissolved in 
0,39 ml of Buffer A and added dropwise to 0<S1 mi of Buffer 
A containing 8.1 mg (1,81 umol) of M-G dlmer f Hpys , SS) at room 
temperature nnder a nitrogen atmosphere. The react ion 
solution was shaded from the sun and stirred for 90 minutes , 
The desired product was purif ied by HPLC (4. 6 Id x 250 mm) and 
Xyaphili&ed* The synthesized peptide t rimer nult was 
identif ied bj MALDI-fOf MS, Found (M.+H)* ? 6458, Calculated 
(H-f H) * s 6 458 

Example 3 
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[0O3X] 

Format lon_ of supr ajiaoleeule by self - assembly 

The peptide trxmsr unit was dissolved in. water at a 
concent r at ton of 10 mg/mX , and th& solution was left stand at 
4*C for 14 days ( stock solution.) * 

1) Structural analysis by measurement of circular dlohrolsrs 
spectrum 

file stock solution was diluted to S-f old with water at 
4*0 and analysed for supramoleoule formation . 

The measurement conditions are as follows % 
Devices A JASCO J -B2Q device equipped wltH a PTC- 423 h 
temperature control unit 
Cell length ; 0 * S mm 

Measurement wa^elengtlii 210 to 260 nm 

Data collections. a?erf 0,2 nm 

Scan rates 50 nm/mln 

He spons ex 2 sec 

Data integration; 3 times 

Sensitivity; 100 ^deg 

Measurement temperatures s 4, 3Q> 40> 50* 60* and. 70°€ 
[0932] 

flie results ara shown in Fig* 4* The spectra of the 
sHpramoleoule at a lower temperature had a positive signal at 
225 nm and showed a typical spectral pattern of the triple helix 
structure of collagen* Due to the design of the peptide unit, 
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a single molecule of t&e peptide xmit cannot have a triple helix 
structure* Thus * • It is construed that these results shows that 
triple helix formation C/S.upramoXeeular formation) occurs 
among unit molecules > The value of mean residue molar 
elllptlclty {[Blmrw} at 225 nm of the triple heliK of the 
collagen - li ke pept ide Is equal t o tha t of natural collagen*, 
suggesting that tha content, of triple .helix 1b tbs 
aupramolsoula is very high, The results also showed that the 
triple helix structure is denatured fey heat, resulting ih a 
random coil structure. 
[0033] 

2} Analysis of supr&moleeule by ultrafiltration 

The stock solution of supramolecule was diluted to 
20 -fold with water at 4*€< As a control, (Pro- Hyp -Sly ls~ mtxOB 
was left at i 9 € to allow for triple hell^: formation and diluted 
with water in the same manner* Then, each diluted solution 
was subjected to ultrafiltration at 4*C with Mlorooou YM- ISO 
{■cut -off s 100,000 MM) , The filtrate was analysed by HFLC, and 
ultraf iltration membrane permeability was calculated, f rom the 
peak area. The same solution was Heated at 95*€ for 5 minuter 
to denature the triple helix structure and Immediately analyzed 
for the permeability in the same manner * The results are shown 
in Fig. 5. 
[003-4 1 

^ small fraction (€.%■) of the peptides formed a 
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supramolecuXe that passed through the ultrafiltration 
maiferana. On tke other hand, the ( Fro ~H^p~GIy Is -amide having 
the awa peptide chain length and composed of substantially 
the same amino acid structure,. 56% of the peptides passed 
through the membrane* By subjecting the solution, of 
aupramoleo^le to thermal denaturatlpB , 91% of the peptides 
coo Id pass through the membrane ♦ These results suggests that 
a large structure is generated in the solution of supramoXecule 
Sue to the interiaolecolar interaction (triple helix 
formation J * 

Example 4 
10035] 

Sgntligalg and oh&raaterlgat lon o f staggered t rimer 

& peptide t rimer (staggered t rimer) ¥as synthesized 
which, was: designed to ha^e a repeat of Pro-Hyp.»Gly as a 
fundamental sequence similar to the peptide t rimer -unit of 
Example 1 except that the position of the disulfide crosslink 
Is different* The structure is shown in Fig* 8* 

The following three peptides ware used as peptide 
monomers. 

H - Hyp ~GIy - Pro - Hyp - (Sly - Fro -Hyp - Gly - Fro - Hyp - Gly * P ro ~ Hyp ~ B ly - 
Fro - Hyp - (Sly - Pro -Cy s (SH) - Gly - Pro - Hyp -Sly- Pro -0H (SEQ ID NOs 
4) 
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K - Hyp -Gly - Fro - H^p - Sly- Cys ( Acm } - Hyp ~ Gly ~ Pro - Hyp - Sly - Pro - Hyp 
-Gly-Pro-Hyp-<Sly-Pro-Gys{SH) ~ GXy- Pro - Hyp ~ Gly - Fro - OH C SSQ ID 

H- Hjp - Gly- Pr o -Hyp- -.Gly - Cy s ( SH } -Hyp - GIF- P -Hyp - GX y - Pro -Hyp - 
Siy-P^^ i'$BQ ID BOx 

S) 

[0037] 

The staggered t rimer was synthesl^ea by the same method 
as In Example I ana ISentified by mass spectrometry. Tlie 
staggered t rimer was formed into a Bupramolacula at a low 
temperature in the. same manner as In Example 2 ■< Measurement 
of the circular dl&hroism spectra showed that substantially 
the s&sse results as in Example 2 {Fig. $| were obtaiaea* 
10038] 

Then, the stock aqueous solution of the staggered trimer 
(18 mg/ml ) was diluted to 12* fold with water at 4°C and left 
stand at 4°C for I hour. Then, tne partlcla size distribution 
was measured with Shlma&?m Laser Diffraction Particle Si&e 
Distribution Analyser (&&X»D<-70'0} at 4*0 mid at a laser 
wavelength of 405 imu The results are shown In Fig. 7. 
SupramoXecular structures tliat provide particle aiEes of about 
0/5 and about 10 were detected. 
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